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Three different groups of chemical intermediates are known 
to be formed during the synthesis of melanin in melano-
cytes: (1) phenolic compounds, (2) phenolic thio-conju-
ga tes, and (3) indolic compounds . All these substances and 
their metabolites can be detected in urine. We measured 
the urinary excretion of 3,4-dihydroxyphenylalanine (dopa), 
5-S-cysteinyldopa (5-S-CD), and 2 inclolic compounds, 
namely 5-hydroxy-6-methoxyindole (5H6MI) and 5-hy-
droxy-6-methoxyindole-2-carboxylic acid (5H6MI2C) in 
urine samples of 4 groups of people with different contents 
of cutaneous melanin: (a) Asian group, (b) white group, 
M elanogenesis, the formation of melanin pigment, is one .o f the characteristic fea tures of melano-cytes. Tyrosine is known to be a basic substrate for the chai n of biochemical reactions leadin g to melanin formation. During this process, 3 dif-
ferent groups of chemical intermediates are form ed: (1) phenolic 
com pounds, e.g., 3,4-dihydroxyphenylalanine (dopa), (2) phe-
nolic thio-conjugates, e.g., 5-S-cysteinyldopa (5-S-CD), and (3) 
indolic substances, e.g., 5,6-dihydroxyindole and 5,6-dihydrox-
yindole-2-carboxylic acid. All these compounds and their me-
tabolites can be detected in urine [1-5) . 
In order to find out which of the mentioned groups of metab-
olites correlates with the degree of skin pigmentation , we studied 
the excretion of the 4 melanin-related substances (Fig 1) in the 
urine of 4 groups of people: (a) Asian group, (b) people of Eu-
ropean origin (white group) .. (c) patients with viti ligo, and (d) 
patients with tyrosinase-negative oculocutaneous albinism. 
The excretion of dopa and 5-S-CD was measured with the use 
of high-performance liquid chromatogra phy. Mass fragmentog-
raphy was used for the determination of 2 indolic compounds, 
namely 5-hydroxy-6-methoxyindole (5H6MI) and 5-hydroxy-6-
methoxyindole-2-carboxylic acid (5H6MI2C). 
MA TERIALS AND METHODS 
Chemicals DL-Dopa and L-isoproterenol were purchased from 
Sigma C hemi ca l Co., St. Louis, Missouri ; aluminium oxide was 
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Abbrevia tions: 
dopa: 3,4-dihydroxyphenylalanine 
5-S-CD: 5-S-cysteinyldopa 
5H6MI : 5-hydroxy-6-mcthoxyindole 
5H6M12C: 5-hydroxy-6-methoxyindole-2-carboxylic acid 
isoproterenol: i -(3',4' -dih ydroxyphenyl) -2-isopropylam inoethanol 
and 2 groups of whites (c) 1 with vitiligo and (d) 1 with 
tyrosinase-negative oculocutaneous albinism. Dopa and 5-
S-CD were determined with the m ethod using high-per-
form ance liquid chromatog raphy with an electrochemical 
detection. lndolic substances were measured by m ass frag-
mentography with deuterium-labeled internal standards . 
Comparison of the melanin-related metabolites excreted in 
urine of people with different capacities for melanin bio-
synthesis indicates that, of all measured substances, 5H6MI2C 
is the best urinary m arker of melanin formation in the skin 
pigmentary sys tem . ] lI'lVest Dermato! 89: 78- 81 J 1987 
from BDH, Pool, U .K. 5H6MI and 5H6Ml2C were prepared 
syntheticall y as described ea rlier [6). 5-S-CD was obtained as a 
gift fro m Prof. G. Prota (Naples, Italy). All other chem icals were 
purchased from Merck, Darmstadt, F. R.G. 
Subjects The mean age and age range of the inves ti gated groups 
were as follows: albino group 23 years (range 22-24), vitiligo 
group 51 years (range 35- 68), Asian group 23 years (range 17-26), 
white group 27 years (range 22-37). The control group of whites 
consisted of individuals with Skin Type 1I-1I/ w ith blue eyes and 
blond hair, with the exception of 1 person w ho had brow n eyes 
and brown hair. 
Urine Samples Random urine sa mples were collected from the 
individuals , the concentration of creatinine was determined, and 
samples were stored without any preservation at - 20°C until 
use. 
Mass Fragmentography Mass fragmentographic analyses were 
perform ed with a Varian 3700 gas chromatogra ph interfaced to 
a Varian MAT 44S mass spectrometer. Synthetically prepared [6) 
deuterium-labeled' 5H6MI and 5H6Ml2C were used as internal 
standards. Sample hydrolyses, extractions, derivatizations, and 
mass spectrometric anal yses were performed as described else-
w here [5] . The results were expressed in JLm ol/mol crea tinine. 
Figure 2 shows a typical mass fragmentogram of an analyzed 
urinary sample. 
High-Performance Liquid Chromatography The chro-
matographic system consisted of a Solvent Delivery System (Model 
45 , Waters Assoc, Inc, Milford, Massachusetts), a Model 7125 
Syringe Loading Sample Injector (Rheodyne, Cota ti , California) , 
and a 30-cm Bondpak C-1 8 column (Waters Assoc, Inc). The 
column was operated at ambient temperature. Detection was ac-
complished by a BAS electrochemical detector (Model LC-4B, 
BAS, West Lafayette, Indiana). 
Mobil e phase consisted of a mixture of 30 mM phosphoric acid, 
70 mM methansulfonic acid, 3.63 mM heptansulfoni c acid , and 
0. 1 mM disodium salt of ethylendiaminotetraacetic acid. The pH 
of the mixture was adjusted to 2. 55 with 3 M sodium hydroxide. 
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Figure 1. Chemica l structures of the measured melanin- related metab-
olites. D O PA, 3,4-Dih ydroxy phenylalanine; 5-S-C O, 5-S-cystcin yldopa: 
5H6MI , 5-h yd roxy-6-mcthoxyindok ; 5H6M12C, 5-hydroxy-6-mc-
th oxy indolc-2-ca rboxylic acid. 
Sa mple prepa ration W3S performed as described by Ito et al [7] . 
L-I so pro tereno l [1-(3 ' ,4 ' -dih ydroxypheno l)-2-iso pro ph ylami-
noeth ano lJ was used as inte rn al standard . The res ults w ere ex-
pressed in j.Lmo l/mo l creatinine. A ty pi c31 chro m atogram o f a 
urine sa mple is show n in Fi g 3 . 
RE SULTS 
The excreti o n va lues o f th e 2 indo lic m etabo lites in urin e o f the 
4 g ro ups o f persons with different ca paciti es to pro du ce mel anin 
are illustrated in Fig 4. As ca n be seen, the excreti on va lu es o f 
5H6M 12C co rres ponded ve ry well to the degree of th e pig m en-
tatio n o f the m enti oned g roups. Statistica l evalu ati ons sho w ed 
that the re were sig nifi ca nt differences between the g ro up o f peo ple 
w ith vitili go and the g roup with albinism (p < 0.1 , Student' s (-
tes t), but also mutual differences am ong o ther fo llowed g roups 
we re clea rl y statis ti ca lly signifi cant (p < 0. 01 , Student 's (-tes t) . 
The co rrelatio n between the excreti on o f5H 6MI 2C and the extent 
o f depi g m entati o n in patients with v itiligo is dem onstr3ted in Fig 
5. 
Also the excreti ons o f 5H6MI exhibited differences am ong the 
studied g roups. However, the va riation range w as broader and 
th e hig hes t m edi3n V3 lue of thi s substance was fo und in the g ro up 
of v itiligo patients due to hi gh va lues in 5 vitili go pat ients. 
The urin ary excreti ons o f dopa and 5-S-C D in the studied 
Figure 2. A typica l mass fragmentogra m 
showing the presence of 2 indolic co mpounds 
in a urine sa mple together with their internal 
standards. 1, 5-H ydroxy-6-methoxyindole; 
2, deuterium-labeled (D.,) 5-hydroxy-6-
methoxyindolc (i nternal standa rd) ; 3, 5-hy-
droxy-6-mcthoxyindole-2-carboxylic acid ; 4, 
deuterium-labeled (Ds) 5-h ydroxy-6-mcth-
oxyindolc-2-carboxylic acid (internal stan-
dard). 
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Figure 3_ A typica l high-performancc liquid chromatogram showin g the 
presence of 3,4-dih ydroxyphenylalanine and 5-S-cysteinyldopa in a urine 
sa mple, 1, 3,4-Dih ydroxyphenylalanine; 2, isoproterenol (internal stan-
dard) ; 3, 5-S-cystein yldopa. 
gro ups o f people (Fig 6) showed o nl y s li ght (s tatisti ca ll y insig-
nificant) differences , 
DISCU SS ION 
Our results indica te th at o f all m easured mel anin-related sub-
stances in urin e, 5H6MI2C reflects bes t th e degree of the skin 
pi g m entati on in the 4 g roups o f people , A simil ar pattern o f 
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Figure 4_ Excretion va lucs o f S-hydroxy-6-methoxyindolc (5H 6MI) and 
5-h ydroxy-6-methoxyindolc-2- carboxylic acid (5H6MI2C) in 4 g roups 
o f peo ple w ith d ifferent capac ities to synthesize the cutancous melanin . 
Results a re shown as indi vidual va lues toge ther w ith their median . 
excretio n m ay theo reti ca ll y be expected fro m its isom eric 6-hy-
d roxy-5-methoxy indo le-2-ca rboxylic acid 18], since it is known 
th at the excretio ns of bo th indolic acids run parall el 151 . 
T he results o f o ur measurements suggest that 5H6Ml ca n also 
be form ed ex tracutaneously. This suggestion can be drawn from 
the fac t that 5 patients with vitili go had relatively hi gh exc. etion 
va lues o f th at indole metabo lite. The fo rm ation of 5H6MI fro m 
substances like tryptophan (for in stan ce in the gastrointestin al 
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Figure 5. Correlation of the excretion values o f S-h ydroxy-6-methox-
yindole-2-ca rboxylic acid w ith the ex tent o f depigm entation in pati ents 
w ith vitiligo. 
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Figure 6. Excre tion values of 3.4-dih ydroxyphenyla lanine (DOPA) and 
S-S-cys tein yldo pa (5-S-CD) in 4 groups of people withdiffercnt capacities 
to synthes ize the cutaneous melanin. Results arc shown as indi vidual 
values together w ith their median. 
sys tem) is theoreti ca ll y possible . In spite o f that , 5H6M I is being 
considered as a sensitive marker fo r fo llo w-up of pati ents sufferin g 
fro m malignant melano ma 15]. 
D opa is kno wn to be a less specifi c metabo lite for pig ment 
ceUs. This substance ca n be form ed in several tissues by interac tion 
o f ty ros ine with enzy m es capable of ca talyzin g ty rosine hydrox-
ylatio n, such as tyrosin ase, tyros inehydroxyl ase, or peroxidase. 
The biosynthes is o f do pa in mcl anocytes thus fo rms only a small 
part o f the total dopa producti o n. This fact m akes the use fuln ess 
o f do pa as the marker o f pig mentati o n of limited value. 
5-S-Cys tein y ldo pa w as shown to be form ed by interac ti on of 
dopaquinone with cysteine [9]. This reacti on may be considered 
as one o f the pro tective mechanisms o f the melanocy te against 
reacti ve quin ones generated durin g melanogenes is. Recent in vi-
tro experim ents sho w ed, ho wever, th at 5-S-C D m ay be fo rm ed 
not o nly in rea ctions ca tal yzed by tyrosinase, but also by per-
oxidase o r by some reactive radica ls 1101. The poo l o f this amino 
acid in the bod y is therefo re no t full y depend ent o n its synthesis 
in the melanocytes . This is in acco rd ance with th e measurements 
o f Nimm o et al 1111 wh o did no t find an y differen ces in serum 
concentrati o ns o f 5-S-C D between albino patients and control s. 
O n the o th er hand, Aquaron et al 11 2 1 described increased con-
centrations o f 5-S-C D in urine o f albino patients when compared 
to normal individuals. Ho wever, it is very diffi cult to draw an y 
conclusions fro m this paper, because their results ex pressed as 
concentrati o ns (nmollliter) cann ot be reli abl y inte rpreted . 
The lack o f co rrelati o n between th e 5-S-C D and do pa excretion 
in th e 4 groups o f people characteri zed by apparent qu antitati ve 
differences in their ability to synthes ize melanin redu ces the value 
o f utility o f these 2 metabo lites for pig ment cell research. Further 
inves ti gatio n aim ed at the full understandin g o f productio n and 
excretio n of indo le melanin-related substances is in prog ress . 
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